Viable-bacteria counts, heterotrophic activity, and substrate responsiveness of viable bacteria have been used to measure microbial activity. However, the relationship between these parameters is not clear. Thus, the direct viable count (DVC) method was used to analyze seawater samples collected from several different geographical locations. Samples collected from offshore waters of the South China Sea and western Pacific Ocean yielded DVC that indicated the presence of surface and subsurface peaks of viable, substrate-responsive bacteria which could be correlated with turnover rates of amino acids obtained by using uniformly 14C-labeled amino acids. DVC were always less than total viable counts (acridine orange direct counts), and the DVC subsurface peak occurred close to and within the chlorophyll a zone, suggesting algal-bacterial interactions within the layer. For comparison with the open-ocean samples, selected substrates were used to determine the response of viable bacteria present in seawater samples collected near an ocean outfall of the Barceloneta Regional Waste Treatment Plant, Barceloneta, Puerto Rico. The number of specific substrate-responsive bacteria at the outfall stations varied depending on the substrate used and the sampling location. Changes in the population size or physiological condition of the bacteria were detected and found to be associated with the presence of pharmaceutical waste.
It is now widely accepted that the epifluorescent microscopic method (9) is a reliable method for enumerating bacterial biomass in seawater. Limitations of the method include difficulty in discriminating between living and dead bacteria and in identifying bacterial species. In the latter case the fluorescent-antibody approach appears promising (4) . With respect to enumeration of living bacteria, at least three methods are available at present to overcome this difficulty: microautoradiography (20) , direct viable counts (DVC) (11) , and measurement of respiring cells (27) . The microautoradiographic method, although very promising in theory, involves complex procedures. Thus, extensive studies aimed at clarifying the vertical distribution of active bacteria in the open-ocean water column are burdensome, at best.
The purpose of the present study was to examine the vertical profile of viable bacteria as determined by DVC and measurements of amino acid (AA) turnover rates, using samples collected in the South China Sea. The DVC method is simple to use and applicable in any aquatic environment. In the studies reported here, the contribution of bacteria attached to particles was eliminated by using filtered (5-,um pore size) seawater in the heterotrophic activity measurements. The vertical profiles obtained were analyzed in relation to the phytoplankton standing stock and primary productivity data obtained at the same time. A second objective of the study was to enumerate the bacteria responsive to specific substrates. By using several different substrates, we attempted to clarify differences in bacterial populations, comparing water samples collected at several stations and measuring the physiological condition of the bacteria in the seawater samples. * (9) . For viable counts, PPES-2 agar plates (22) were used during the RIV Hakuho-Maru cruise. After incubation for 2 weeks at 20°C, colonies were counted. DVC were made following the method of Kogure et al. (11, 12) . In brief, after nalidixic acid (0.002%, wt/vol) piromidic acid (0.001%, wt/vol), pipemidic acid (0.001%, wt/vol), and substrate were added, the seawater sample was incubated at 20°C for 8 h, followed by fixation with Formalin (final concentration, 2%). After preparation as described, the sample was observed under the fluorescent microscope. Only swollen or elongated cells were counted as viable. In the present study, the concentration of substrate was 50 mg/liter. Relevant to this study, it is important to point out that the subsurface chl a maximum layer occurred at 92 m. Below 80 m, temperature decreased rapidly with depth. Total counts also, in general, decreased with depth, although a small peak in abundance occurred at 75 m at station 10. Rapid decreases were frequently observed between 60 and 80 m, at the point where subsurface chl a peaks also usually occurred and the nutrient concentration showed a rapid increase. With one exception, viable counts measured during the RIV HakuhoMaru cruise were highest at the surface and decreased with depth, although small subsurface peaks occasionally occurred below 100 m. DVC also showed surface and subsurface peaks in abundance. The former were, in general, larger than the latter. The depth of the subsurface peak usually occurred close to the chl a subsurface peak.
It should be pointed out that filtered seawater samples were examined because incubation of seawater without filtration, for AA uptake, was also done. Even though particle-associated bacteria may have higher activity, the values obtained are not always satisfactory because of large variations from sample to sample due to patchiness. For the purposes of this study, larger amounts of seawater and triplicate samples were employed. Since most of the DVC cells were free-living and no significant differences were noted when both filtered and unfiltered samples were examined, all of the samples thereafter were filtered.
In Table 1 Sea. At both stations, rapid turnover rates were measured for surface water samples (26) . For comparison, Fig. 3 and 4 show vertical profiles of the relative uptake rate of AAs [A x (J7t), where A is the amount of added substrate, f is the fraction taken up, and t is the time (in hours)], bacterial numbers, and chl a at stations 8 and 7, respectively. At both stations, DVC and uptake rate profiles were similar but differed significantly from the total counts. At both stations, thermoclines were detected between 50 and 75 m and chl a peaks at 65 m, and nutrient concentrations increased below the thermocline, but the particulate organic carbon (POC) showed broad peaks near the thermocline (16) .
The DVC obtained with several substrates for seawater samples collected at Barceloneta, Puerto Rico, are shown in Table 2 . The results were analyzed by two-way analysis of variance, showing significant differences among substrates used and stations sampled. Paired comparisons of stations and substrates are given in Table 3 . Although the distance from shore was approximately the same for stations B6, B7, and B8, the DVC for station B6 samples was lower than for those collected at the outfall itself (station B7) or east of the outfall (station B8).
To clarify the activities of larger-sized cells in the samples, seawater collected at the station located at 19°12.1'N, 60°49.0'W, north of Puerto Rico, was filtered through a 1.0-p.m Nuclepore filter to remove large particles and attached bacteria and incubated in bottles with a small amount A clear diurnal vertical migration of zooplankton from 500 m to the surface was also observed (16) . Exudates of the phytoplankton, i.e., dissolved organic matter released, during grazing by zooplankton can quickly be utilized by bacteria occurring in the layer (13) . At the surface, however, the high bacterial activity and DVC cannot be explained by the presence or activity of the phytoplankton populations. An accumulation of organic matter, especially that which can be degraded easily and used to sustain high bacterial activity, is required (25) .
Since a variety of factors act to control bacterial populations at different depths in the open-ocean water column, simple statistical analysis is of dubious value.
Vertical profiles of DVC and relative AA uptake rates showed good agreement. The vertical concentration of dissolved AAs in these water columns was relatively constant (M. Amano, personal communication). The correlation between the number of active bacteria detected by autoradiography and heterotrophic activity has already been reported for near-shore areas (17) . However, because of the technical complexity and cost of the autoradiographic method, it has not been extensively applied to open-ocean water columns, especially subsurface layers. Among the data reported in the literature, the autoradiographic method usually yields larger numbers than the DVC, the active bacteria detected by the former method constituting, at most, 5 to 10% of the total bacteria in offshore water that are enumerated by AODC. Neither the DVC nor the autoradiographic method provides information about the smaller bacteria (<0.4 ,um) dominant in offshore areas (5, 6, 11) .
To clarify metabolic activity associated with bacteria of different size ranges, AA uptake, combined with size fractionation, was measured at station 9 in the South China Sea during the RIV Hakuho-Maru cruise. Seawater collected at the surface was filtered through different sizes of Nuclepore filters and amended with a uniformly 14C-labeled AA mixture. The procedures followed were as described above. Although filtration itself can stress bacterial cells, the results bSee Table 2 , footnote a.
show that the smaller cells retained uptake activity in response to several nutrients (Table 4) . Percent respiration, however, was relatively high compared with larger cells. It is possible that the smaller cells use these substrates as an energy source rather than as a carbon source for biosynthesis. These results are in good agreement with observations reported for glutamic acid uptake by starved cells under laboratory conditions (1) . Larger cells, on the other hand, account for a considerable portion of the total activity. Based on rough calculations of data obtained in the study reported here, cells in seawater are more or less equally active on a per unit volume basis (10) . Therefore, although they may be metabolically active and dominant in number, the relative contribution of smaller cells to the total heterotrophic activity appears to be very small.
From the results of the experiments done to clarify activities of the larger cells in the seawater samples collected north of Puerto Rico, it is concluded that most of the bacteria in offshore seawater increase in volume before cell division (2, 15) , and one seldom observes "dividing" smaller cells in incubated seawater samples (24) . Therefore, after addition of organic matter, only a part of the total bacterial population will actively take up nutrient and increase in volume and number. Although their relative proportion initially will be small, the larger cells contribute significantly to the biovolume and heterotrophic activity of the bacterial populations in seawater, and those cells enumerated by the DVC represent the active bacteria, rapidly converting nutrients to cell constituents. This can therefore explain the excellent correlation for water column samples collected in the South China Sea. This view is supported by recent observations made with the Elzone particle counter. The results obtained with the particle counter clearly showed that a small number of the larger bacteria (>0.6 p.m in diameter) grow much faster than the smaller cells (<0.6 ,um), on both a per cell It also is unique in that it offers the means to determine the specific characteristics of substrate utilization by natural bacterial populations by direct microscopic observation. Obviously, a variety of substrates and environments, as well as many more samples collected from environments of wider geographic distribution, when combined with activity measurements, should yield further clarification of the role of the bacterioplankton in nutrient cycling and mineralization throughout the world oceans.
